It is generally agreed that the chronic cyanosis of congenital heart disease is due essentially to a venous-arterial shunt which permits venous or unaerated blood to mix with arterial or oxygenated blood. The amount of shunt is the chief factor which determines the degree of cyanosis and the severity of the condition in a given instance. Determination of the amount of the shunt in terms of percentage of the total blood flow is, therefore, of great prognostic importance. Unfortunately, the methods for such determinations hitherto employed require data difficult to obtain and involve tedious gas and blood analyses. The to the entry of ether into the systemic circulation by way of the shunt (2). This ether circulation time thus measures the time that it takes for the blood to travel from the arm to the right side of the heart and thence by way of the shunt to the capillaries of the face.
Second procedure. Beginning with 0.1 cc. of a 50 per cent solution of saccharine, successively larger injections are given until the smallest amount which the patient can taste is determined. If 50 per cent or more of the circulating blood enters the shunt, the saccharine threshold time will be equal approximately to the "ether-shunt" time because both test substances have reached the head via the short circuit. In such a case, the prognosis is grave and a precise figure is not necessary, so the test is completed at this point.
If the saccharine threshold time is considerably longer than the "ether-shunt" time, it can be concluded that more than half the blood goes through the regular channel and the approximate percentage can be calculated in the following manner.
Third procedure. Successively larger amounts of saccharine are injected. The times will remain fixed at the level of the threshold time and will exceed the "ethershunt" time by the interval required for the blood to traverse the lungs. When the injection is large enough to permit a detectable quantity of saccharine to reach the tongue by way of the shunt, the circulation time will suddenly become conspicuously shorter than in the previous estimations and will be found equal to the "ethershunt " time.
In order to understand the method of arriving at the principle of calculation of the magnitude of the shunt, it is necessary to add a few explanatory remarks. When the smallest amount of saccharine that can be tasted is determined for a patient with a venous-arterial shunt of less than 50 per cent, a certain amount of the saccharine enters the shunt and reaches the tongue, but the concentration is not sufficient to cause the material to be tasted. The true value for the threshold of taste in this instance, therefore, is not the total amount of saccharine injected, but that amount less the quantity which reaches the tongue by the short route, i.e., by way of the shunt. Except in the presence of complications, such as heart failure or polycythemia, the circulation time thus 705 determined should be within normal limits, inasmuch as that part of the saccharine which is ultimately tasted reaches the tongue in the usual manner, i.e., after traversing the pulmonary circulation.
As previously stated, the saccharine circulation time is found to remain constant when increasing amounts are injected, until a point is reached when the circulation time is suddenly found to be conspicuously shorter. When this occurs, it signifies that a sufficient amount of saccharine has reached the tongue without traversing the pulmonary circulation and that the true threshold value for saccharine is now represented by the amount of this substance which reaches the tongue directly by way of the shunt.
With these facts in mind, and the necessary determinations having been made, the amount of shunt in terms of percentage of total blood flow can be calculated with the aid of the following simple calculation:
If A is the smallest amount of saccharine which can be tasted in the longer circulation time period, and C is the smallest amount of saccharine that can be tasted in the shorter time period, then A + C would equal the amount of shunt in terms of percentage of the total blood flow, which may be called k. It is not necessary to determine the actual threshold value of saccharine taste sensation but only to note that it would be equal to either A -kA or to kC, which therefore equal each other. If A -kA = KC, then A = kC +kA or A=k(C+A) or k okA + C This method also enables the observer to determine the true pulmonary circulation time, i.e., the time required for the blood to travel from the right side of the heart to the left side of the heart by way of the pulmonary circulation. Inasmuch as the longer (saccharine threshold) circulation time measures the time that it takes for the blood to travel from the arm to the tongue after traversing the lungs, and the shorter saccharine circulation time measures the time that it takes for the blood to travel from the arm to the tongue without traversing the lungs, the difference between these two circulation times measures the time that it takes for the blood to traverse the pulmonary circulation. In the past it has been possible to determine the true pulmonary circulation time only by the complex radon seed method of Blumgart and Weiss (6) . The latter, however, cannot be used in the presence of a venous-arterial shunt. On the other hand, the method described in this paper is not suitable for cases without venous-arterial shunt.
RBULTS
The degree of shunt in cyanotic patients with congenital heart disease was determined in four instances ( Table I ). The shunt was less than 50 per cent in each instance, necessitating the use of the third procedure. The percentage of shunt in each case was 11.8, 21, 13, and 21, respectively. The true pulmonary circulation times were 18, 10, 18, and 14 seconds, respectively. Since the total circulation times averaged 27.5 seconds, the true pulmonary circulation time was approximately 65 per cent of the total circulation time.
One patient (Case II) did not taste saccharine when administered intravenously and a 50 per cent solution of calcium levulinate was used, the cutaneous burning sensation being utilized as the end point. One subject had Hodgkin's disease and died of this illness six weeks after the test was performed. At autopsy, in addition to the Hodgkin's disease, a patent intraventricular septal defect was found, the right ventricle was hypertrophied, the pulmonary artery was dilated to twice the size of the aorta, and marked pulmonary arteriosclerosis was present. Apparently, the greatly increased pressure in the right ventricle resulting from the pulmonary arteriosclerosis caused a venous-arterial shunt instead of the usual arterial-venous shunt through the septal defect.
It was considered hazardous to make antemortem diagnoses in the other cases, but such precise information is not necessary for this study. From the determinations, it is apparent that in 2.75 cc. of 50 per cent saccharine, the volume going through the shunt was not sufficient to cause the taste sensation since the circulation time was 32 seconds. In 3.0 cc., however, enough of the solution went through the shunt to cause the sweet taste to occur at a time approximately equal to the "ether-shunt" time, and much faster than the previous injections. Since the taste threshold of saccharine is 0.4 cc., the approximate volume of the shunt can now be determined by means of the formula: The true pulmonary circulation time can be determined by subtracting the shorter circulation time (fourteen seconds) from the total circulation time (thirty-two seconds), which excludes the pulmonary circulation. In this case, it is approximately eighteen seconds.
DISCUSSION
The shunt in all four patients is quite small and this undoubtedly explains the comparative well-being of these subjects in spite of the malformation of their hearts. The method is probably not suitable for children unless they are able to cooperate. In the very few cases in which the shunt was determined previous to this study, larger figures were obtained (3, 4, 5) .
The prolongation of the circulation time in some of our patients may be due to the polycythemia. The effect of this factor on the circulation time has been previously noted (7) . Persistent cyanosis in those who have congenital heart disease is a result of (1) a septal defect in the presence of pulmonary stenosis, (2) a complete absence of the cardiac septa, or (3) the transposition of the great trunks. In addition, there are other rarer conditions which are occasionally responsible. The method described in this communication for determining the magnitude of the venous-arterial shunt does not indicate which of the above conditions exists in a given case. In the absence of characteristic findings in the cases herein reported, it was considered hazardous to make a precise anatomical diagnosis.
This method cannot give exact figures if the shunt is greater than 50 per cent, but the knowledge that a shunt of this degree exists is of sufficient value to make a precise figure unnecessary. The streaming of the saccharine through the lungs should be greater than that going directly through the shunt. The solution going through the lungs becomes more diluted than that going through the shunt. This introduces an error, the magnitude of which is unknown. This factor affects only the third, not the first two procedures. It is therefore apparent that, if the shunt is less than 50 per cent, the accuracy of the figure obtained can be considered only approximate, but this approximate value should be extremely useful from a prognostic point of view.
CONCLUSIONS
A simple method has been described for determining the presence of a venous-arterial shunt in congenital heart disease, the magnitude of the shunt, and the true pulmonary circulation time in the presence of shunt.
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